Aflastatin A (AsA) and blasticidin A (BcA), metabolites of Streptomyces with similar structures, are inhibitors of aflatoxin production by Aspergillus parasiticus and they can inhibit production of other fungal polyketide metabolites such as melanin produced by Colletotrichum lagenarium.
Introduction
Aflatoxins, a group of mycotoxins, are potent carcinogens in mammals and can be found as contaminants in a wide variety of food and feed commodities. A specific inhibitor for aflatoxin biosynthesis may be a good candidate for a useful drug to protect foods and feeds from aflatoxin contamination, and is expected to depress aflatoxin contamination without incurring rapid spread of drug-resistant strains. We have recently found that aflastatin A (AsA) and blasticidin A (BcA) show specific inhibitory activity toward aflatoxin production by Aspergillus parasiticus. These compounds are all Streptomyces metabolites and have similar unique structures, which are tetramic acid derivatives with long, highly oxygenated alkyl chains (Fig. 1) . The side chain is polyhydroxylated and acyclic except for a tetrahydropyran ring moiety. With respect to stereochemistry of AsA and BcA, we chemically assigned the total absolute configuration of AsA and absolute configurations at C4, C6, C 1O-C23, C31-C35 and C37 of BcA (Fig. 1) . Many genes responsible for aflatoxin production have been known and they make a cluster.
Among the genes, aflR is a key gene for aflatoxin biosynthesis because it encodes a regulatory protein, which regulates expression of genes encoding biosynthetic enzymes. Since AsA and BcA depressed mRNA levels of aflR, their target may be present in a very early step in the aflatoxin production prior to the expression of ofR. Several environmental and nutritional factors are known to influence the early regulatory system for the aflatoxin production.
Therefore, it is important to clarify how aflR expression is regulated by the factors. Analysis of the promoter region of aflR suggested that two regulatory proteins, PACC and FACB relating to pH response and acetic acid utilization, respectively, may be concerned in the regulation of of lR expression.
Thus, we examined the effects of AsA and BcA on pH control and carbon metabolism in A.
parasiticus to obtain a clue to investigate their mode of action.
We first measured pH of the culture filtrate of the fungus, and we confirmed that it was not changed by addition of AsA. To estimate pH condition in the mycelia, we next measured acid and alkaline phosphatase activity in the mycelia since the pattern of the phosphatase production was changed by pH. But, no difference was observed in the patterns between control and AsA sample. These facts suggested that AsA does not depress the aflR expression by disturbing pH control in the fungus.
In the aflatoxigenic fungi, limited carbon sources are known to be able to induce aflatoxin production. They are simple carbohydrates such as glucose, sucrose, fructose and maltose . Among them, glucose is a key carbohydrate due to its generality. Thus, we first examined the effects of AsA and BcA on glucose metabolism of A, parasiticus. The fungus was cultured with or without each inhibitor, and glucose amount in the culture filtrate at each cultivation time was estimated from a spot area on TLC. As shown in Fig. 2 , glucose consumption became faster than control by addition of AsA and BcA. BcA hastened glucose consumption more strongly than AsA. Next, ethanol accumulation in the culture filtrate was measured. In control, a small peak of ethanol accumulation was observed after 2 days cultivation (Fig. 3b) , around which time aflatoxin was produced most vigorously (Fig. 3a) . When AsA or BcA was added to the culture, ethanol concentration increased and the higher level was maintained for several days. It was changed to reduction when glucose was almost consumed. We measured mRNA levels of genes responsible for ethanol utilization. As a result, AsA clearly reduced mRNA levels of aldA and facA, which encode aldehyde dehydrogenase and acetyl-CoA synthase, respectively. A close relationship of glucose metabolism or ethanol utilization with aflatoxin production in aflatoxigenic fungi has been suggested from phenomena observed in aflatoxin-producing cultures such as degraded mitochondria, ethanol accumulation or increased expression of alcohol dehydrogenase gene.
Therefore, the changes in carbon metabolism caused by AsA and BcA may affect of lR expression, leading to inhibition of aflatoxin production, or they may influence a regulatory system that regulates both of carbon metabolism and aflatoxin production.
Effects of aflastatin
A and blasticidin A on metabolism of biotinylated proteins
We prepared a photoaffinity probe of BcA to identify its target molecule in A.
parasiticus. Based on our previous study on structure-activity relationship of BCA, hemiketal group in it was used to prepare the probe (1), which contains an azido group and biotin residue (Fig. 4) . We performed photoaffinity-labelling experiments with the probe. The probe was mixed with the cell-free extracts of the fungus, and proteins were recovered from the mixture. After SDS-PAGE of the sample, biotinylated proteins were detected by western blotting. A few bands were appeared on the gel when the probe was added, but it was shown that they had no specificity toward blasticidin A moiety from the result of cold inhibition experiments. However, during the labelling experiments, we noticed that metabolism of biotinylated proteins endogenously present in the mycelia might be affected by BcA. Fig. 5 shows the time course of the pattern of biotinylated proteins in the fungus detected by western blotting. Two bands were mainly observed on 
